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Abstract 
Solar photovoltaic power generation is a way to utilize the solar energy. Power station monitoring system is ought to 
be established to maintain the safe and reliable operation of the photovoltaic system and to detect and solve the 
malfunctions promptly. The monitoring data of the photovoltaic power monitoring system is composed of 
environmental data, the related data of photovoltaic battery array and relevant data of inverter. The collection, 
preprocessing and wireless transmission of data are done by ZigBee, the wireless sensor network. The wireless 
network panel point of ZigBee is divided into FFD (Full Function Device) and RFD (Reduced Function Device), 
each of which has its own functions. It can conveniently collect surrounding environment information and status data 
of photovoltaic power on unattended conditions by ZigBee. 
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1. Introduction 
Solar photovoltaic power generation is a way to utilize the solar energy. Solar PV power generation, as 
a use form of solar energy, converts the solar energy into electrical energy through photocell photovoltaic  
effect. Power station monitoring system is ought to be established to maintain the safe and reliable 
operation of the photovoltaic system and to detect and solve the malfunctions promptly. The photovoltaic 
system can be built in outdoor field, desert, and coast and on the roof. The generating equipment can be 
either concentrated or scattered. What’s more, the photovoltaic system is expected to monitor lots of 
equipments, such as photovoltaic panels, tracking devices and etc. Therefore, it is necessary to build the 
underlying wireless sensor network to collect and transmit the mass data. 
The wireless communication technology ZigBee is a data communication network protocol based on 
the underlying short-range data 802.15.4, which is a two-way wireless communication technology of short 
range, low complexity, low power consumption, low rate and low-cost [1-3]. It is mainly applied to the 
electronic equipments of short range, low power consumption and low transmission speed to transmit data 
as well as the transmission of periodic, intermittent and low reaction time data.  
2. The Information Collection of the Photovoltaic System  
The information collection of the photovoltaic system covers environmental information, photovoltaic 
panel information, inverter information and grid information. It is illustrated in Figure-1. 
Figure-1 The Information Collection of the Photovoltaic Power system 
The environmental information sensor can be divided into temperature sensor, anemograph, 
illuminance transducer, and radiation intensity sensor to collect weather information.  
The quantity and type of information collection sensor of the photovoltaic panels should be adjusted 
according to the scale and structure of the generating system. In terms of the medium and large 
photovoltaic power station, the cost is high to monitor the status information of each photovoltaic battery 
board. As to large and medium photovoltaic power station, it is appropriate to monitor the photovoltaic 
battery board in groups while it is appropriate to monitor each photovoltaic battery board in small 
photovoltaic power station. In terms of the photovoltaic power station which has adopted tracking 
devices[4], many generator units are included and each of them has many photovoltaic battery boards and 
a set of sun tracking device. The information which should be collected from each generator unit includes 
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the temperature of each photovoltaic battery board, DC output voltage, DC output current, panel azimuth 
and highly angle error. All the information should be collected by corresponding data sensors. 
Inverter is a kind of device that transforms DC which is generated by solar-cell panel into AC and it 
connects the photovoltaic battery board and the public grid. The voltage which is transformed by the 
inverter should meet the network joining requirement to integrate into the public grid. The voltage and 
amplitude of the inverter should be the same with that of the public grid. What’s more, the inverter should 
adjust the maximum power point of the photovoltaic battery board according to the sun radiation and load 
swing. As a result, by monitoring the working condition and relevant parameters of the inverter, we can 
get the information of the grid and the overall working condition of the photovoltaic array. 
Inverters are chosen based on the power of the needs of photovoltaic power stations. Data collected 
from inverters include direct voltage and current of the input terminal of the inverter, the alternating 
voltage and current of the output end of the inverter, equipment temperature, one-day generating capacity, 
gross generating capacity, power factor, conversion efficiency, grid voltage and the current information.  
3. The Wireless Sensor Network Construction of the Photovoltaic Power system 
The topological structure of the wireless sensor network of ZigBee, photovoltaic power system, is 
adopted. The device type of the network panel point includes FFD and RFD. FFD acts as the network 
coordinator to establish, initialize, and configure network. As the terminal panel point, RFD connects 
various kinds of sensors and deliver information to FFD (RFD can only contact FFD and RFD cannot 
contact among themselves). The Network will choose an FFD as the main FFD panel point from which 
data will be transferred to network. 
3.1. Hardware Design  
RFD is primarily in charge of collection, preprocessing and wireless transmission of the relevant 
inverter parameters and working environmental parameters in the synchronized photovoltaic power 
system, and information such as the working temperature, current, voltage and open-circuit voltage and 
short-circuit current of the photovoltaic module. CC2530 and the corresponding sensor module is the core 
device to realize RFD in the design process. From the perspective of function, RFD can be divided into 
power module, data-collecting module and micro control function module. The corresponding relations of 
each modules and hardware structures are illustrated in Figure-2. 
FFD is responsible for the establishment of the wireless sensor network and receiving, checkout and 
transmission of information. The core device of FFD is also CC2530. In terms of hardware design, RFD 
has data-collecting module while FFD does not. The former has serial interface communication module 
while the latter does not.  
3.2. Software Design  
The IAR embedded operation platform is adopted. The software is based on the ZigBee protocol 
introduced by TI Corporation. The version used is IAR Embedded Workbench 7.51A. The ZigBee 
protocol version is Z-Stack-CC2530-2.3.0. 
RFD program flow chart is shown as Figure-3. When RFD is initiated, interrupt system, timing device, 
I/O interface, MAC address, OSAL (abstraction layer of operating system) and ZigBee protocol stack are 
initiated. Then application layer program is used to collect and transmit data of the target. The system 
start-up and system initialization in Figure 4 primarily aim at the transfer and application of the Z-Stack 
protocol. The other part of the program flow chart is the software development in the application layer. [5]
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Figure-2  The schematic diagram of the functional module of terminal panel points 
Figure-3 The Program Flow Chart of the Sensor Panel Point 
The main task of FFD is to build the wireless sensor network, to respond to the access request of RFD 
and to transfer the collected data to the mainframe. After the coordinator hardware is initiated, the initial 
program of the system is transferred. This part is similar to the initial program of RFD. The difference is 
that RFD allocate network addresses for themselves while FFD chose route to accomplish the 
establishment of the ZigBee Network when NWK is initialized. After the systematic initialization, FFD 
begins to poll the task events, mainly the connecting request and data receiving tasks. FFD respond to the 
binding request of RFD. Otherwise, it will check whether it has received data of other panel points of the 
ZigBee network. After receiving the data, terminal protocol source address and CRC checkouts are 
conducted on data format based on the established agreement. The data that meet the established format 
will be transferred to PC mainframe through RS232 by FFD. The program flow chart of coordinator panel 
is illustrated as Figure-4. 
4. Conclusion 
ZigBee network is an emerging cross research field, which integrates many disciplines such as 
advanced sensor technology, microelectronic technology, communication technology, embedded 
computing technology and distributed information processing technology. The ZigBee underlying data 
collection of photovoltaic power generation is characterized by wide coverage, strong self-adaptability 
and convenient and flexible layout. It can conveniently collect surrounding environment information and 
status data of photovoltaic power on unattended conditions. 
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Figure-4     The Program Flow Chart of the Coordinator Panel Points 
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